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ABSTRACT

Fuel cells that can operate directly on fuels such as nethanol are
attractive for low to nedium power appl i cations in view of their
low weight. and volune relative to other power sources. A liquid
feed direct nmethanol fuel cell has been devel oped based on a proton
exchange nenbrane electrolyte and Pt/Ru and Pt catal yzed fuel and
air/0, el ectrodes respectively. ‘I’he cell has been shown to deliver
significant power outputs at tenperatures of 60 to 90° C. The cell

voltage is near 0.5 V at 300 mA/cm, current density and an
operating tenmperature of 90 ‘C. A deterrent to perfornmance appears
to be nethanol crossover through the nenbrane to the oxygen
el ect rode. Further inprovenents in performance appear possible by
m ni m zi ng the methanol crossover rate.

I NTRODUCTI ON

Direct oxidation nethanol fuel <cells (pMrc) are attractive for
several defense and transportation applications in view of their
| ower wei ght and vol ume conmpared to indirect fuel cells ( 1,2). 7he
wei ght and vol une advantages of direct oxidation fuel cells are due
to the fact that they do not require any fuel processing equi prent.
Elimination of the fuel processor also results in sinpler design
and operation, higher reliability, |ess nmaintenance, and | ower
capital and operating costs. Further, direct oxidation fuel cells
are projected to have rapid and multiple start up capabilities, and
the ability to easily follow varying | oads.

Under a task sponsored by the Defense Research Projects Agency
(DARPA) ,  JPL, USC, and Giner¥are engaged in the devel opnent of
direct methanol fuel cells for future defence applications. A near
term objective of the programis to identify advanced catal ysts and
el ectrolytes and denonstrate the DMFC technol ogy at the cell level.
‘I’ his paper describes the progress nade to date on this effort,.



Assessnment of Catalysts for the Oxidation of Methanol

Aanodic oxidation behavior of nethanol was investigated in half
cells using both supported and unsupported catalysts at a | oading
of 0.5 mg/cm’. In these experinments 0.5 M sulfuric acid was used
as the electrol yte along with 0.001 M perflurooctanesul fonic acid
and the fuel concentration was 1.0 M  These half cell experinents
werce carried out at 45°. Anodic oxidation characteristics of cH,oH
at various unsupported (Pt-Sn, and Pt-Ru) and supported catal ysts
(li, pPt-sn, and Pt-Ru) are Qi ven Fi gures 1 & 2. Tt can be seen from
these results that Pt-Ru is nost prom sing anong the SOA Pt based
catalysts, for the oxidation of nethanol. This observation is in
agreenent. with the results reported in the literate (3,4) . Al
further studies were carried out using Pt-rRu catalyst.

i mproved Kkinetics of nethanol oxidation on Pt-Ru catal yst was
observed with the increase of tenperature, catalyst |oading, and
methanol concentrati on. Figure 3 reveals a significant reduction
of polarization as tenperature is raised from 25 to 60°C.
Throughout the current density range of 1 to 100 mA/cn® the
pol ari zation is reduced al nost 100 mV by this tenperature increase.
Figure 4 gives the results of the catalyst |oading studies. Results
show that an increase in catalyst | oadi n? from 1 to 5 mg/cm?
resulted in the reduction of alnost 100 mv polarization throughout
the current density range from 1 to 100 mA/cm?. Increase of
nmet hanol concentration was also to found result in |ower anodic
pol ari zation for the oxidation of nmethanol (Figure 5).

Eval uation of Electrolytes for the Oxidation of Methanol

liquid EKlectrolytes: Boron tri fluoride dihydrate, triflic acid,

perfuroethane sulfonic acid, and perflurooctanesul fonic acid (C
acid) were eval uated as candi date el ectrol ytes for the oxidation of6
methanol . Experiments were carri ed out in half cells using
activated Pt-Ru gas diffusion electrodes obtained from conmerci al

sources. Pt-Ru el ectrodes were found to be unstable and dissolve in
boron trifluoride electrolyte. Hence no further experinments were
carri ed out W th this el ectrol yte. Anodic  oxidation
characteristics of nethanol in the other three electrolytes are
given in Figure 6. Sone of the inportant findings of this study
are: a) anodic oxidation of nethanol in triflic acid is conparable
to it's oxidation in sulfuric acid, b) perfluroethanesul fonic acid
was found to be unattractive for the oxidation of nmethanol , and c)
mar gi nal |y inproved oxidation behavior was observed with
perfurooctanesul fonicacid electrol yte.

Sol id Polymer Electrolytes: Nafion, a polyner electrolyte nenbrane
(PEM), is an attractive alternate to the liquid electrolytes for
]iqujd f eed net hanol cells for several reasons including: a)
sinmplifies design, b) sinplifies assenbly and operation, b) Iess
corrosive, and c) can mnimze or elimnate shunt currents. The
material has been used quite successfully in gas feed hydrogen/

oxygen fuel cells.




For these reasons, Nafi on was evaluated as an el ectrol yte in a
liquid feed half cells. A met hanol -water mxture only (wthout
acid) was introduced to the fuel conpartment. The particular type
of nmenbrane was Du Pent Nafion , Type 117. Anode catalyst in this
case was a supported Pt-Ru type that was bonded directly to the
Nafion. Figure 7 conpares performance of this cell with the Nafion
elect.rolyte as well as the previously enployed H,50, electrolyte.
From the results it can be seen that methanol oxidation is nore
facile with Nafion conpared to sulfuric acid electrolyte. Hence
Nafi on was selected as candidate electrolyte in al 1 further
studi es.

Cel I Design:

Design Options: Two cell design options were considered for direct
oxi dation nmethanol fuel cells including: a) gas or vapor feed

desi gn and b) liquid feed design. Initial considerations
indicated that gas feed design is preferable in that. it could
enpl o0y existing fuel cell type gas diffusion electrodes.

Furt her nore, the gas feed design «could operate at higher

temperatures that were anticipated to be necessary for high
performance. Subsequent deliberations considered the fact. that the
liquid feed design would not require a vaporizer and would
therefore be much sinpler in design and operation. “1"he other
potential advantages of liquid-feed design are: a) elimnation of
conplex water and thermal nmanagenent systenms, b) nultiple use
capabil ity of the methanol-water as the fuel , for humidification
purposes, and as an efficient stack coolant, and c) significantly
lJower Ssystem size and weight. “I"his cell design does not suffer
from the disadvantages of prior liquid-feed cell designs which
enpl oyed liquid electrolytes. The use of PEM elimnates the
probl em of troubl esome shunt. currents and also elimnates problens
associated with corrosion of cell components. Tests have shown
that. the PEM does not degrade with operation and is suitable for
conti nuous operation. Fuel catalysts were found to exhibit
i nproved performance with the sol id electrolyte nmenbrane.

Therefore it was resolved to pursue the developnent. of a liquid
feed design. On this basis JPI. began devel opnent of liquid feed
type direct methanol fuel cells.

Schematic Diagram of liquid Feed direct nethanol fuel cells:

Figure 8 gives a schematic diagram of the conplete |aboratory type
liquid feed nethanol system enploying the nenbrane electrolyte.
The MEA consists of a layer of Nafion electrolyte , 7 mil thick
with fuel and air/02 electrodes bonded to either side. Electrode
dinensions are 2 inch by 2 inch by approximately 10 mil thick.
The MEA IS positioned between the machined portion of two graphite
bl ocks .  The machined area on each block is a rectangular pattern
with open channels (designated as flow field) to allow flow of
liquid or gas across the electrode surface. 1Inlet and outlet ports
communicate with the flow fields via holes drilled into the carbon
bl ocks and equipped wth threaded fittings at the sides of the
bl ocks . Stainless steel support plates, with the same overal




length and width as the carbon plates, are located on the back
surface of the plates. The stainless steel plates as well as the
carbon blocks are drilled in their outer perinmeter to accomobdate
bolts that are used to conpress the assenbly for sealing and to
provide electrical contact between the electrode and un-recessed
area of the flow field.

The nethanol solution is introduced into the fuel conpartnent of
the cell via a punp and then returned to a fuel storage reservoir

as shown in Figure 8. The end product. , carbon dioxide, is
entrapped in the exit fuel line and released in the storage
reservoir. Pressurized air or 5 is introduced to the air

conpartment of the cell and vented without recirculation. Heaters
are located on the outside surface of the cell to control cell
tenperature. Finally, the cell is equipped with a snmall cl osed end
hole to accommodate an internal thernocouple.

Performance of Liquid feed Direct Methanol fuel Cells

Effect o..f Temperature: Voltage-current characteristics of the
liquid feed direct nethanol fuel cell were nmeasured over a range
of tenperatures with 2 M nethanol as fuel and pure O, as oxidant.
Results are given in Figure 9 in terns of operating cefl potenti al,
versus current density. Each point represents an essentially
steady state voltage that was achieved after about 5 min of
continuous operation at the indicated current density. 1Inspection
of Figure 9 reveals a marked increase in performance with increase
in tenperature over the range of 30°C to 95 ‘C. For exanple, at a
potential of 0.55 V, the current density outputs are 10, 45, and
140 mA/cm® at tenperatures of 30, 60 and 95 ‘C, respectively.
Simlarly, at a potential of 0.50 V, the current. density outputs
are 20, 110, and 260 mA/cm® at 30, 60 and 95 °c. The trend of
increased output with increase in tenperature is in accord wth
t hat exhibited by other fuel cells. The increased output at higher
tenperatures is attributed to a conbination of factors consisting
of a reduction of cell ohmc resistance, activation polarization
and concentration polarization.

Effect . of . Methanol concentrat ion: The effect of nethano
concentration on the cell performance was also deternined. Three
separate runs were carried out at 60 ‘ceach with a different fuel

concentration of 0.5M, 2.0M, and 4.0 M nethanol. The effect of
fuel concentration on overall cell performance is given in Figure
10 in terms of voltage-current characteristics. i nspect.ion of

these results shows that at high operating current densities,
hi gher cell voltage is obtained with 2M nethanol while sonewhat
| ower outputs are obtained with both higher concentrations, 4M
met hanol , as well as lower concentrations, 0.5M nethanol . At |ower
current densities 05M nethanol was found to provide higher cel
operating voltage than 2.0 Mnethanol . On this basis there appears
to be an optinmum concentration for operation for different current
densities. The opti num may be between 0.5M and 2M net hanol . The
| ower performance of the cell at fuel concentrations less than 0.5
M is probably due to the concentration polarization effects. The




poor performance of the cell at higher nmethanol concentrations was
found to be due to the fuel crossover phenonena. Support for the
proposed impact of crossover at high concentrations was shown in
hal f cell studies on the oxygen el ectrode. Therein it was found
that the 0, electrode performance is significantly lowered at
hi gher nmethanol concentrations (5). For exanple, the o, electrode
potential was noted to drop nore than 100 mv at 100 mnA/cm2 as
nmet hanol concentration was increased from 2 to 4M nethanol . This
finding enphasizes the need to mininmze the crossover rate to
i nprove performance of theo, el ectrode ,and hence the overal 1l cell
per f or mance.

Fuel Utilization Studies: In order to examne fuel wutilization,
acel l was set up and run continuously at constant current with a
finite amunt, 200 mM of 1.0 M met hanol solution in the

circulation tank, and without. replenishnent of the nethanol

Initially, current was set at 1.875 A (75 mA/cm®) and cel 1
tenperature was held at 80°c. Results are given in Figure 11, in
terms of cell voltage versus percent utilization of the fuel. The
utilization was taken as output amp-hrs/theoretical anp-hrs (from
the anmount of nmethanol and it's electrochemi cal equivalent)

Inspection of this figure reveals that voltage drops sharply at 7%
mA/cm® when utilization approaches 60% The sharp drop in voltage
at. this point is believed to be associated with concentration
polarization of the fuel electrode that is, in turn, due to an
I nadequate supply of nmethanol to the electrode. The et hanol
supply is, in turn, limted by the |ow nethanol concentration at
this point (near 0.5 Mor 1less). The phenonena is consistent with
prior half cell studi es that revealed the onset of high
pol ari zati on when nethanol concentration declines below this |evel.

Probl ens and |ssues

Performance of the liquid feed nmethanol fuel cells is already
attractive for sonme applications and is approaching the levels
required for electric vehicle propul sion. Wth some inprovenents
in electrical performance, efficiency, and cost this system can
indeed be considered a serious candidate for electric vehicle
applications. These inprovenents can be achieved by devel oping high
performance anode catalysts, new nenbranes with reduced nethanol
permeability , nethanol insensitive cathode catal ysts, and | ow cost
materials (non bt based catalysts, nenbranes, biplate materials
etc.)

CONCLUSI ONS
Some Oof the major findings of the study are:

1) Pt/Ru catal yzed electrodes are well suited for oxidation of
met hanol

2) Performance of Pt/Ru catalyzed carbon electrodes increases
with increased tenperatures (25 to 60 “C), increased fuel




concentrate on 50.5 to 2 mmethanol) , and increased catal yst | oading
(.5 to 5 mg/cm) .
3) A new liquid feed DMFrc has been devel oped based on a proton
exchange nenbrane electrolyte , Pt/Ru catalyzed fuel electrode, and
pt catal yzed air/0, el ectrodes.

4) The new cell can deliver significant outputs in excess of 250
mA/cm’ at potentials near 0.5 V at noderate tenperatures |ess than
190 °p,
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FIGURE 3. EFFECT OF TEMPERATURE ON PERFORMANCE OF PT/RU ELECTRODES
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